Objective-To use functional neuroimaging to probe the affective circuitry dysfunctions underlying disturbances in emotion processing and emotional reactivity in pediatric bipolar disorder (PBD).
evaluate hostility in emotionally neutral faces in patients with PBD compared with the controls (HC). 3 In the same study, when attention was directed to nonemotional aspects (estimating the nose width in neutral faces), there were no differences between patients with PBD and HC. Another fMRI study found that passive viewing of happy and angry faces induced greater amygdala activity and reduced VLPFC activity in subjects with PBD relative to HC. 4 In a variant of an affective Stroop task, patients with PBD showed greater amygdala activation and decreased PFC activation (at the junction of the VLPFC and the dorsolateral PFC [DLPFC]) for negative words compared with neutral words and also relative to negative words in HC. 5 Furthermore, similar to previous findings with patients with PBD, 3, 4 facial affect recognition in adult euthymic bipolar patients has been associated with reduced activation in the right VLPFC and increased activation in the left amygdala. 6 Therefore, there is growing evidence for excessive amygdala activation in PBD in response to emotional stimuli, which is consistent with their clinical pattern of increased emotional reactivity. With regard to prefrontal cortical regions that provide modulatory input to limbic systems, findings have been inconsistent because studies have reported increased 3 as well as decreased [4] [5] [6] VLPFC activation in patients with PBD, perhaps based on differences in behavioral paradigms, clinical state, or treatment status of patient groups.
In addition to the functional neuroimaging abnormalities in the PFC and the amygdala, structural neuro-imaging studies indicate smaller amygdala volumes in patients with PBD relative to HC, [7] [8] [9] [10] which contrasts with adult studies that have reported larger 11, 12 or normal 13, 14 amygdala volumes. Larger amygdala in adult studies 11, 12, 15, 16 has in fact been hypothesized to result from hypertrophy due to chronic and excessive activation in manic patients. 16 Although these findings of altered size, be it larger or smaller, do not necessarily imply intrinsic primary abnormalities in the amygdala, they may correlate with functional abnormalities such as increased activation in response to emotional stimuli, regardless of any dysfunction in PFC input to this limbic structure. Given its central role in assessing emotional valence and arousal to emotional stimuli, [17] [18] [19] its role in emotion-cognition interface, 20 and the morphological and functional abnormalities reported in bipolar disorder, examining alterations in amygdala function in PBD may be essential for understanding neural mechanisms of altered emotion processing in this disorder.
To probe the functional integrity of the PFC and the amygdala, studies of emotion have typically used two different emotional processing paradigms. "Directed" emotional processing involves making deliberate judgments about the intensity or type of affect conveyed in a stimulus. This deliberate evaluation process is believed to directly engage the DLPFC (a center for higher order cognitive control) and the VLPFC (a neocortical area providing higher order control of affective responses) that are believed to exert regulatory control over limbic structures such as the amygdala. 17 In contrast, "incidental" processing tasks typically focus conscious attention toward nonaffective stimulus features, such as requiring a judgment about the sex or age of an emotional face. In this context, the DLPFC is often engaged in making cognitive decisions, but performing these paradigms does not seem to engage the VLPFC in evaluating emotional cues or regulating emotional responses in the limbic system. Nonbipolar adults, 18, 19 adult bipolar patients, 21 and adult phobic patients 22 showed greater amygdala activation, predominantly on the right side, during incidental than directed processing. The greater activation of the amygdala during incidental emotion processing may represent a neural correlate of automatic emotional responsivity when the VLPFC is not engaged in modulating emotion. 18, 19 In patients with PBD, as previously mentioned, Rich et al. 3 examined the neural activity of emotion processing while focusing attention on emotional evaluation (directed processing) versus nonemotional judgments about neutral faces and reported increased VLPFC and left amygdala activation. The current study builds on this earlier study by directly examining incidental versus directed emotional processing of emotional rather than neutral faces. The block design paradigm consisted of a directed condition with deliberate processing of emotional faces (i.e., deciding whether an emotional face is happy or angry) and an incidental condition with implicit processing of emotional faces (i.e., deciding whether the emotional face is younger or older than 35 years). We included an equal number of angry and happy faces, known to have similar affective arousal levels from previous normative work, 23 for both the incidental and directed conditions. Based on the earlier findings illustrating frontolimbic dysfunction in PBD, and findings from adult bipolar studies using incidental versus directed emotion processing, 21 we were primarily interested in the specific contribution of PFC and amygdala disturbances during emotion processing in PBD. The activation patterns in unmedicated patients with PBD and euthymia were compared with those in HC in this study. We hypothesized that the PBD group would have reduced control of automatic emotional responses in incidental processing condition relative to directed processing resulting in greater amygdala activation. Second, we predicted that the higher order systems that modulate emotional responses in the VLPFC 24 would show decreased functioning in PBD during directed processing. The directed processing condition therefore served as a probe to test for a loss of top-down control of emotions. Elucidating the degree of relative disturbance in these incidental and directed processes can provide important information about the pathophysiology of emotion processing in PBD and potentially guide treatment development.
METHOD Subjects
Subjects were recruited from the University of Illinois at Chicago pediatric mood disorders clinic and the surrounding community. Of the initial group of 16 subjects with PBD, fMRI data from 6 subjects were discarded because of motion artifacts. The remaining 10 patients (5 female subjects) had a mean age of 16.2 years (SD 1.3 years). Neuroimaging data were collected on 14 HC. Data from 4 of these subjects were unusable because of excessive head motion during scans. The remaining 10 subjects, who were age-, sex-and ethnically matched to the patient group, were included in the final analysis (mean age 15.0 years [SD 2.4 years]; 5 female subjects; Table 1 ). For minors, informed consent was obtained from at least one parent, and assent was obtained from each subject. For adolescents older than 15 years, informed consent was directly obtained from them in addition to the consent of their parents. The study was approved by the institutional review board at the University of Illinois at Chicago.
Inclusion criteria for the subjects with PBD were 12 to 18 years of age, diagnosis of bipolar type I disorder in euthymic phase, and agreement to be scanned in a medication-free state during the study period. Euthymia was defined by the subject not meeting DSM-IV criteria for major depression, dysthymia, mania, or hypomania at the time of assessment. Presence of a comorbid DSM-IV diagnosis was an exclusion criterion, with the exception of attention-deficit/ hyperactivity disorder (ADHD). Each child and a parent were interviewed using the Washington University Schedule for Affective Disorders and Schizophrenia (WASH-U-KSADS). 25 Interrater reliability among the research interviewers was 0.98 by Cohen κ for the diagnosis on the WASH-U-KSADS for a group of patients with PBD and subjects without PBD. Monthly reliability checks were used throughout the study to maintain high interrater reliability on all clinical measures. Consensus current and lifetime DSM-IV diagnosis was made based on information from clinical interviews, other available clinical data, and ratings on the WASH-U-KSADS. The patients were medication-free by choice of the patient or their parents or because they were participating in a medication-free trial under medical supervision for clinical reasons, during a low stress period when the patients were not in school and were being treated in our pediatric mood disorders program. All patients were previously on either mood stabilizers and/or second-generation antipsychotics, with or without stimulants. They were not receiving CNS-active medications for at least seven days before the scan; none were on fluoxetine or aripiprazole that warrants a longer washout period. For previously treated patients, medication dosages were reduced gradually over a 3-week period before the start of the drug-free period. The last medication type to be withdrawn was stimulants at least 8 days before the scan. The patients with PBD were euthymic for a minimum of 4 months before testing; the HC were interviewed using the WASH-U-KSADS to ensure the absence of any mental disorder.
Exclusion criteria for all of the subjects were as follows: the presence of a neurological or medical condition; history of head trauma with loss of consciousness for more than 10 minutes; disorders requiring use of medication that alter cerebral blood flow (such as medications for migraine and blood pressure); IQ of less than 80; and the presence of metallic implants, retractors, or braces. IQ was estimated using Wechsler Abbreviated Scale of Intelligence. 26 
Incidental and Directed Emotion Processing Task
The fMRI task was a block design paradigm performed for 7 minutes (Fig. 1) . It consisted of eight 30-second condition blocks, four involving incidental emotion processing (I), and four involving directed emotion processing (D; illustrated in Fig. 1 ). Condition blocks were separated by a 20-second fixation period (F) with the last 3 seconds of this period displaying what the upcoming block would be, that is, "age" for incidental condition and "emotion" for directed condition. We avoided any elaborate written instructions beyond these cues in lieu of training video that preceded the actual scanning, teaching the subjects how to perform the task. For all of the subjects, the sequence of I and D block presentation was pseudorandomized: (F)
I (F) D (F) D (F) I (F) I (F) D (F) I (F) D (F)
. There were 6 trials in each condition block, with each trial consisting of a 5-second face presentation, for a total of 48 trials in the entire task.
While building the paradigm, faces were selected with regard to age, sex, valence, and race from a database of 200 Gur faces with affective characteristics having established reliability and validity. 23 During the incidental face processing condition, the participants judged whether the presented face was older or younger than 35 years. During the directed face processing condition, the participants judged whether the facial affect was positive/happy or negative/ angry. Responses were by button press, with the correct response randomized and equated between right and left key presses. The emotional stimuli consisted of 24 happy and 24 angry faces 23 that were matched for age, sex, and race and are counterbalanced across the blocks and conditions. The level of happy and angry emotionality is same in the incidental and directed conditions based on the normative data provided by Gur et al. 23 Three angry (A) and three happy (H) face trials were presented in a pseudorandom order in each block of both conditions in an "AHHAAHAHHAAH" sequence (A = angry, H = happy). We used the rule that the same trial type (e.g., happy) could not occur more than twice in a row. Faces were not repeated during the task to avoid effects of repetition and familiarity. All of the faces were modified to optimize the display of the images. Specifically, the background was changed to black, and necks and shoulders were removed, but hair was left in the images.
Image Acquisition
Magnetic resonance imaging studies were performed using a 3.0 Tesla whole-body scanner (Signa, General Electric Medical System, Milwaukee). Functional images were acquired using gradient echo planar imaging, which is sensitive to regional alterations in blood flow via blood oxygenation level-dependent contrast effects. Twenty-five axial slices were acquired. Parameters for functional scans were as follows: echo time = 25 milliseconds; flip angle = 90°; field of view = 20 × 20 cm 2 ; acquisition matrix = 64 × 64; repetition time = 2.5 seconds; 5-mm slice thickness, with 1-mm×gap. Anatomic images were acquired in the axial plane from all of the subjects (three-dimensional spoiled gradient recalled, 1.5-mm thick contiguous axial slices) for coregistration with the functional data.
Image Processing and Data Analysis
Functional Imaging Analysis Software-Computational Olio software 27 was used to estimate and correct the functional neuroimaging data for head motion and low-frequency signal drift. Functional Imaging Analysis Software-Computational Olio provides diagnostics for identifying images with artifacts such as high shot noise and displacement that cannot be readily corrected by motion correction algorithms. This can improve sensitivity to blood oxygenation level-dependent effects across groups and reduce the risk of finding differential activation in patient groups because of greater head movement.
Individual volumes from the time series were excluded from the analysis if head displacement from the median head position in the time series was greater than 1.5 mm or if head rotation from the median head position was greater than 0.5°. The number of volumes retained after discarding those with motion artifact did not significantly differ across groups. To evaluate subject-wise effects, voxelwise effect size (r) maps were calculated for each subject for each pairwise condition contrast (incidental condition versus fixation, directed condition versus fixation, incidental versus directed condition). Then, a Fisher z transform was applied to normalize the data (zr). 28 Analysis of Functional Neuroimages (AFNI) software 29 was used to transform individual subjects' zr maps (effect size) and spoiled gradient recalled anatomic images into Talairach space using AFNI's automated Talairach procedure. 30 Functional maps were resampled to an isotropic 3 × 3 × 3-mm grid to provide a voxel dimension similar to that of the in-plane resolution of the acquired data. We used AFNI to carry out voxelwise statistical analyses on the zr maps.
The primary analysis for the study was a repeated-measure analysis of variance (ANOVA) with the between-subjects factor of group (PBD, HC) and the within-subjects factor of condition (incidental, directed, fixation). Significant clusters of activation were identified using a contiguity threshold (minimum cluster volume of 270 mm 3 ) applied to the entire brain, which maintained an experiment-wise type I error rate of p < .025, based on AFNI's AlphaSim Monte Carlo simulations that were restricted to in-brain voxels. Significant effects were followed by step-down comparisons to clarify significant group and task differences.
Finally, given the importance of the amygdala for our hypotheses, we also performed a regionof-interest (ROI) analysis on the left and right amygdala because activation in this small region may not survive a contiguity threshold determined for the whole brain analysis. For the amygdala ROI, individual zr maps were resampled to a 1 × 1 × 1 grid, and the number of voxels in individual zr maps with activation above a p < .025 threshold was counted. Voxel counts were then subjected to ANOVA comparing ROI activation in the two groups and for the two conditions. This region in AFNI format as well as the rationale for ROI definition is available at http://ccm.psych.uic.edu/Research/NormalBrain/ROI_rules.htm and http://ccm.psych.uic.edu/Research/ResearchProgram/NormalBrain/ROIaffect_rules.aspx.
RESULTS

Clinical and Demographic Data
On the Young Mania Rating Scale and Child Depression Rating Scale-Revised, the PBD group's rating was 7.0 (SD 4.7) and 19.7 (SD 3.7), respectively. The patients with PBD were rated significantly higher on the Young Mania Rating Scale than the HC subjects (F 1,18 = 19.4; p < .01), but the groups did not differ on Child Depression Rating Scale-Revised ratings.
Demographic and clinical data are summarized in Table 1 . One subject with PBD had comorbid ADHD by the virtue of meeting criteria for ADHD before the age of 7 years.
Behavioral Data
Response time (RT) and performance accuracy during fMRI studies were analyzed in separate repeated-measure ANOVAs with group (PBD, HC) as a between-subjects factor and condition (incidental, directed) as a within-subjects factor. For RT, we included only correct responses for the incidental and directed conditions in the analyses. Accuracy rates (percentage of trials performed correctly) and median RT were calculated for each subject and condition (Table 2) . For RT data, a significant main effect of condition (F 1,18 = 13.06; p = .002) indicated that median RT was slower for the incidental than the directed condition (Table 2 ). There was no significant group difference in RT data (F 1,18 = 0.005; p > .05), nor was there a significant group by condition interaction (F 1,18 = 0.055; p > .05). Similarly, for the response accuracy data, a significant main effect of condition (F 1,18 = 21.81; p = .002) revealed lower accuracy for incidental than directed processing across groups. Again, there was no significant effect of group (F 1,18 = 0.004; p > .05) or group by condition interaction (F 1,18 = 0.06; p > .05). Thus, response accuracy and latency, for the incidental and directed processing conditions, were similar in PBD and HD groups.
fMRI Data
Across groups, the incidental condition yielded greater activation than the directed condition in the PFC (bilateral superior and middle frontal gyrus); in the posterior visual processing regions; and in the right caudate, thalamus, and bilateral parahippocampal gyrus. Greater activation for the directed than the incidental condition was present in the left inferior frontal gyrus and left pregenual anterior cingulate cortex (ACC), as well as in temporoparietal regions. Regardless of task condition, the PBD group showed less activation than the HC in the right orbitofrontal PFC, the right middle frontal gyrus (DLPFC) and inferior frontal gyrus (VLPFC), the right superior frontal gyrus, the left pregenual ACC, and the right insula. The PBD group exhibited greater activation than the HC in the right fusiform gyrus and precuneus. Details about these group and condition effects are available at http://ccm.psych.uic.edu/Research/ResearchProgram/MoodDisorder/AdditionalResults.aspx. Table 3 summarizes findings from the comparison of activation for the incidental versus directed condition in the PBD group relative to the HC. Right amygdala activation was greater in the PBD group compared with that in the HC for the incidental condition relative to the directed condition ( Fig. 2; Table 3 ). In addition, the PBD group showed greater activation in the incidental condition relative to the directed condition than the HC in the left middle frontal gyrus/DLPFC, the left posterior cingulate cortex, and the right cuneus, and less activation than the HC in the right superior frontal gyrus.
Incidental Versus Directed Condition: Between-Group Effects-
Incidental or Directed Condition Versus Visual Fixation
Between-Group Effects -The PBD group, relative to the HC, displayed decreased PFC activation, mainly in the right hemisphere, in both the incidental and directed conditions (Table 4 ; Fig. 3A, B) . For the incidental condition relative to visual fixation, the PBD group showed less activation than the HC in the right inferior frontal gyrus/VLPFC, the middle frontal gyrus/DLPFC, the superior frontal gyrus, the subgenual ACC, and the left pregenual ACC (Fig. 3A, C) . The PBD group showed greater activation than the HC in the right visual and face-processing regions (precuneus and fusi-form gyrus).
Similar to findings for the incidental condition, in the directed condition relative to visual fixation, the PBD group exhibited less activation than the HC in the right inferior frontal gyrus/ VLPFC, the middle frontal gyrus/DLPFC, and the left pregenual ACC (Fig. 3B, D) , and greater activation than the HC in the posterior right visual and face-processing regions (cuneus, fusiform gyrus). Table 5 lists significant findings for the incidental versus directed condition in the PBD group. A central finding was that the PBD group exhibited greater activation in the right amygdala and PFC (right inferior frontal gyrus/VLPFC and bilateral middle frontal gyrus/DLPFC) and in the right dorsal ACC for the incidental than for the directed condition ( Table 5 ). The PBD group also exhibited greater activation for the incidental condition in the right posterior cingulate cortex and in the visual and face-processing regions (bilateral middle occipital gyrus, cuneus, fusiform gyrus, and right middle temporal gyrus). The PBD group also showed less activation for the incidental than the directed condition in the temporal cortex (right superior temporal gyrus, left middle temporal gyrus), the left precuneus, and the bilateral pregenual ACC.
Incidental Versus Directed Condition: PBD Group-
Incidental Versus Directed Condition: HC-The HC exhibited greater activation for the incidental than the directed condition in the right inferior frontal gyrus/VLPFC, the right middle frontal gyrus/DLPFC, and the right superior frontal gyrus (Table 5 ). Greater activation for the directed than the incidental condition was present in the HC in the bilateral superior temporal gyrus and insula. Unlike the PBD group, the HC had no significant difference in amygdala activation between the two task conditions.
Amygdala: ROI Analysis
We conducted the ROI analysis for the amygdala, where the activation may not survive the use of a spatial contiguity threshold because of its smaller size. In addition, also by the virtue of its smaller size, there is a greater risk for type II error, given the anatomic variability in whole brain analyses. Figure 2B depicts significant volumes of the right and the left amygdala activation in the HC and the PBD group for the incidental and directed conditions compared with fixation. Separate ANOVAs were conducted for the left and the right amygdala ROI, with group as a between-subjects factor and condition as a within-subject factor. With regard to the right amygdala, there was a significant interaction of group by condition (F 1,18 = 4.50; p < . 048). Planned comparisons revealed that only for the incidental versus fixation comparison did the PBD group show significantly greater right amygdala activation than the HC (F 1,180 = 11.33; p < .003). The effect size (Cohen d = 1.82) was large, indicating a robust group difference. Similar to the right amygdala, the left amygdala exhibited higher activation in the PBD group than in the HC for the incidental versus fixation condition, although the interaction did not reach significance (p = .12; effect size [Cohen d = 0.84]). There were no significant (F < 1) group differences for the directed versus fixation condition (Fig. 2B) . Moreover, only for the PBD group, there was a marginally significant trend (F 91,180 = 3.74; p < .06) in that, right amygdala activation was greater for the incidental versus fixation condition than for the directed versus fixation condition. With regard to the left amygdala, the group by condition interaction was not significant (p = .12), and no other significant results were found (Fig. 2B) . Amygdala activation in the HC did not differ across the conditions (p = .30; Fig. 2 ).
DISCUSSION
Our study identified abnormalities in the neural substrate of incidental and directed emotion processing in PBD. Emotion processing is a quintessential step in the course of affect regulation, which is a defining clinical characteristic of PBD. Careful evaluation of these processes can offer mechanistic understanding of alterations in the neural substrate of emotion processing abnormalities in PBD. The experimental paradigm included positive and negative emotions within a block-design fMRI study. A major strength of this study is the examination of unmedicated youths with euthymia and PBD to avoid the potential confounds of acute symptoms and medications. One central finding is the increased right amygdala activity in the PBD group compared with the HC during the incidental processing relative to directed processing. This finding confirmed our first hypothesis and suggests greater automatic emotional reactivity in the PBD group relative to the HC. No increased amygdala activation was found in the directed emotional processing condition.
There was also increased DLPFC activation during the incidental processing compared with directed processing in the PBD group relative to the HC. This suggests relatively greater allocation of cognitive/modulatory resources by the patients with PBD during incidental processing. Within-group analyses showed that there was an overall reduction in the VLPFC and DLPFC activation in the PBD group during both incidental and the directed emotion processing conditions. The finding of decreased PFC function in PBD in directed emotion processing, both relative to incidental processing (DLPFC) and to visual fixation (DLPFC and VLPFC), supports our second hypothesis that there may be intrinsic abnormality in top-down regulation of emotion processing in PBD as well. In summary, these findings indicate that PBD is associated with increased automatic emotional responsivity, as well as a dysfunction in higher-order cognitive and affective control systems that provide top-down regulation of the limbic system. The two groups did not show any significant behavioral differences for either condition, and yet, the patients with PBD and the HC engaged brain systems differently when processing facial emotions.
Increased Amygdala Activation With Incidental Processing
In the present study, incidental processing of emotional stimuli, compared with directed processing, elicited greater right amygdala activation in patients with PBD relative to the HC. This observation is in agreement with our previous report of increased left amygdala response during passive viewing of emotional faces (i.e., where subjects were asked to view the faces without necessarily judging emotions as in the current study) 4 and during the directed processing of hostility in neutral faces in the study by Rich et al. 3 In a comparable study, adult manic bipolar patients exhibited increased activation of frontolimbic circuitry, including the right amygdala, during incidental emotional processing. 21 Alterations during incidental processing, as seen in the current study, may in part result from the direct transfer of implicit emotional stimuli [17] [18] [19] 21, 31, 32 from visual association cortex to the amygdala 32,33 via the occipitotemporal inferior longitudinal fasciculus. 34 This is in contrast to the left-sided activation of the amygdala seen in previous studies of explicit processing, 3, 4 illustrating that, perhaps, the type of emotional processing determines the laterality of amygdala activation. The increased right amygdala activation is similar to that of Straube et al. 22 in incidental emotion processing. In fact, the amygdala is found to play a key role in the interaction of emotion and cognition such as emotion's influence on attention and perception. 20 It has been shown that emotional qualities of stimuli are processed automatically, 35, 36 and this early automatic response to emotional stimuli is an important factor in the amount of attention directed to stimuli. 37 In line with this thinking, brain imaging studies have shown enhanced occipital cortex activation to arousing stimuli that correlated with amygdala activation. 38 Our results showed that automatic arousal was heightened as reflected in greater right amygdala activation, accompanied by increased activation in visual regions suggesting greater attentional investment, during incidental processing in the PBD group. However, the greater right amygdala activation relative to the left, in response to incidental emotional stimuli, remains preliminary until this finding can be replicated in a larger sample than that in this study. During directed processing, amygdala activation was reduced relative to incidental condition. This may reflect the fact that the PFC (DLPFC and VLPFC) is engaged in cognitive control and emotional modulation when making conscious evaluations of affective aspects of emotional faces.
In addition, apart from the increased amygdala activation, greater activation in visual and cognitive regions was also found in patients with PBD versus the HC during incidental processing relative to directed processing. Discerning the age of the adult faces may require more attention with fine-grained processing of perceptual detail of faces than making judgments about emotions, and this could be responsible for the greater activation in visual processing regions and the increased activation in the cognitive regions including the DLPFC and posterior cingulate cortex. 39 Interestingly, we also found that left insula was more active in incidental processing compared with directed processing within the PBD group. There is evidence for the involvement of the insula in processing of negative emotions, [40] [41] [42] positive emotions, [43] [44] [45] [46] [47] and in the general processing of facial emotions as part of the extended network.
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Cortical Neural Correlates of the Incidental and Directed Emotion Processing
Decreased activation of the right VLPFC in patients with PBD relative to the HC with both directed and incidental processing, relative to fixation, is similar to the decreased right VLPFC activation with passive viewing of "emotional" faces shown in a previous study from our group. 4 This finding is in contrast with that of increased right VLPFC activation during direct processing of emotions and no alteration during the incidental processing of emotions noted by Rich et al. 3 As mentioned earlier, there are important differences in the paradigms used by the two studies that may explain this difference in results. In the study by Rich et al., 3 subjects explicitly judged hostility during directed processing or nose width during incidental processing while looking at emotionally neutral faces, whereas in the present study, we examined the incidental and directed processing of emotionally valent stimuli. For example, in the study by Rich et al., 3 despite the incidental nature of the processing, the evaluation of nose width in neutral faces may not have evoked emotional reactivity in PBD as opposed to that in our study in which the age of emotional faces was judged. In addition to the decreased right VLPFC activation in the PBD group relative to the HC, in response to both types of emotion processing in the present study, we also demonstrated decreased activation in the left pregenual ACC, the affective subregion of the ACC, similar to our previous study. 5 Activity in the pregenual ACC, with its strong connectivity to the amygdala, 48, 49 has been shown to be reliably associated with emotional appraisal, experience, and expression in animals 48, 50 and in adult humans. 51, 52 Based on models of the functional anatomy of the PFC proposed by Goldman-Rakic 53 and Petrides and Pandya, 39 PFC regions with specifically assigned functions (i.e., DLPFC that is involved in judging types of emotion, medial PFC that ascertains emotional significance, 54 VLPFC and pregenual ACC that modulate emotional responses to faces) all showed decreased activation in patients with PBD relative to the HC in both conditions. This pattern suggests impairment in the integration of the cognitive and affective higher cortical regions as elicited by the incidental and the directed emotion processing conditions. Finally, our current results must be interpreted with the caveat that we used a block design with randomly intermixed trials with faces of varying positive and negative facial emotions in each block. Therefore, we could not contrast potentially different effects of positive or negative facial expressions in our tasks. Our paradigm, similar to that of Gur et al., 55 was developed to examine general differences in the emotional face processing circuitry between the PBD group and the HC rather than to test hypotheses about specific affective responses or to contrast activation effects during accurate and inaccurate judgments. Future efforts may beneficially examine incidental and directed emotion processing using event-related fMRI approaches for answering specific cognitive neuroscience questions of interest such as differences between positive and negative emotions and for examining the time course of limbic reactivity and its modulation by the PFC. Another limitation of the study is the small sample size, and therefore, results need to be replicated in larger samples. However, it is notable that unmedicated youths with euthymia were recruited for this study to reduce confounds of acute symptoms and medication effects that can add significant heterogeneity in measures of interest.
CONCLUSIONS
Scientific understanding of the neural correlates of affective responses is relevant to real-life clinical situations. Automatic emotional responsivity of limbic areas seems to be increased in PBD. Furthermore, cognitive regions such as the DLPFC and the affective control regions such as the VLPFC and the ACC may underfunction in PBD when patients are exposed to emotional stimuli, suggesting reduced top-down regulation of emotional arousal. This combination of alterations could contribute to exaggerated or more persistent emotional reactivity in patients with PBD. Knowledge of brain function supporting affect processing and regulation as shown in this study can therefore help explain some of the diverse emotional characteristics of PBD and, in the long term, potentially guide the development of interventions that can dampen affective reactivity or enhance top-down regulatory control.
Results from the present study highlight an increased activation of the right amygdala in response to incidental emotion processing in unmedicated patients with PBD and euthymia relative to directed emotion processing. These results illustrate a potential mechanism by which enhanced limbic activation by incidental stimuli may trigger increased emotional responsivity in patients with PBD. Our results also highlight similarities in the decreased PFC responses in patients with PBD relative to the HC in both incidental and directed emotional processingsuggesting an overall failure of higher cortical regulatory systems that may contribute to the overly intense and prolonged emotional responses that characterize PBD regardless of the type of emotion processing. Thus, findings from the present study indicate that both enhanced automatic emotional reactivity and reduced top-down emotion regulation may contribute to the emotional disturbances associated with PBD. Finally, posterior visual and face-processing regions such as the superior occipital, temporal, and fusiform gyri have shown greater activation in both incidental and directed emotion processing in patients relative to the HC, suggesting more effort is needed for emotional face processing in PBD. Incidental and directed emotion processing task. Note: This table shows Talairach coordinates and t values for peak activation in significant clusters (p < .025 with contiguity threshold) representing greater activation in each group for one condition relative to the other. ACC = anterior cingulate cortex; BA = Brodmann area; DLPFC = dorsolateral prefrontal cortex; HC = controls; PBD = pediatric bipolar disorder; VLPFC = ventrolateral prefrontal cortex.
